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The mechanical properties of skin have been studied 
both in vivo and in vitro by a variety of test methods_ 
These properties are well matched to the function of the 
skin, and they depend on the geometry of the collagen 
and elastin networks of the dermis. The time dependence 
of these properties is thought to be related to the 
"ground substance" components of the dermis. Age-re-
lated changes in the mechanical properties are a function 
of the degradation of the elastin network and of some as 
yet undefined changes in the viscoelastic properties of 
the "ground substance." 
It is readily apparent from the physical examination of human 
skin that major changes in its mechanical properties occur with 
aging. To understand these changes and to relate them to other 
age-dependent changes in the skin, one must have a clear 
understanding of th ese properties and the testing methods used 
in t heir determination_ 
The mechanical properties of a given specimen of a material 
are those relationships which exist between forces applied to 
the specimen and the resultant deformation of the specimen as 
a function of time. For example, if the straight, cylindrical 
specimen shown in Fig l a is subjected to an axial load P, it will 
increase in length by an amount 6L (Fig Ib) . In general, 6L will 
vary with t ime even if P is constant. If 6L does not vary with 
time, the material is said to be elastic_ In this case we have a 
unique relationship, the force-deformation curve for the speci-
men. T his curve is dependent on the size of the spec imen. The 
quantity stress is the load per unit of original cross-sectional 
area and the strain is the change in length/original length (Fig 
l c). The stress-strain relationship is thus independent of the 
dimensions of t he specimen and is a property of t he material 
itself. Many engineering materials (e .g., steel and titanium) 
have a linear stress-strain relationship such that their mechan-
ical properties can be described by the proportionality constant 
E = stress/strain. This is the so-called Young's modulus. It is 
important to note that Young's modulus is only defined for 
linear, elastic materials. 
TEST METHODS 
In measur ing the mechanical properties of skin one has to 
choose between in vitro and in vivo tests. The former allow 
precise control of the mechanics of the test but may be affected 
by changes caused by the removal of the skin from its natural 
envi.ronment. In vivo tests, on the other hand, do not give 
precise mechanical data because of t he complex geometry of 
the skin, the naturally occurring tensions in the skin, and 
attachment of the dermis to underlying tissue_ 
Uniaxial Tensile Test 
This is the commonest and easiest method. It is carried out 
in vitro as shown in Fig 1, although the test specimen does not 
need to be circular in cross section. The results of some early 
tests (1-3] are largely invalid because the specimens were tested 
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in air whose temperature and humidity were not controlled_ A 
further error was introduced by the significant deformation of 
skin under its own weight in air. Such errors may be minimized 
by testing in a temperature-controlled bath of physiologic saline 
[4,51-
A typical stress-strain curve for skin is shown in Fig 2_ It is 
clear that skin is very nonlinear and that its m echanical behav_ 
ior falls into 3 regions, A, B, and C: (A) very large strain at low 
stress, (B) intermediate region, and (C) a ra pid increase in stress 
for a small increase in strain until failure occurs. 
The detailed behavior i.n region A is shown in Fig 3_ In this 
region the skin is almost linear and elastic and can be considered 
to have a Young's modulus with a value about 100 times smaller 
t han that of soft rubber. The naturally OCCUlTing tensions in 
skin and t hose stresses resulting from flexion and extension at 
joints all fall into region A. Simple calculations highlight t h e 
functional necessity for such a low modulus. If t he value Were 
equal to that of rubber, joi.nt movements would require very 
great muscular effort and the skin would act as a permanent 
tourniquet. 
The great strength and stiffness shown in regions Band C 
prevent damage due to large accidental stresses and also pre-
vent damage to the epidermis by limiting th e maximum strains 
to values acceptable to this cellular material. 
Biaxial Tensile Test 
The geometry of this test is shown in Fig 4. In theory, this 
test is preferable to the uniaxial test because skin in vivo is 
subject to biaxial tensions, but it is a very complex and difficult 
test to perform. No resu lts have been reported for human skin. 
Tests on rabbit skin [6J have shown that qualitatively the 
results are similar to those from the uniaxial test; however, 
many aspects of th e mechanical behavior of human skin rem ain 
to be studied. 
No true biaxial tests have been attempted in vivo; the closest 
approximation is the "strip" biaxial test (Fig 5) used to study 
the natm al tensions found in skin in vivo [7]. 
Diaphragm Test 
In this test a circular region of skin is clamped around the 
periphery and is then loaded by air or water pressure on one 
side (or subjected to a vacuum on the other). The test area is 
thus deformed into a convex shape. Stress and strain values are 
obtained by a s imple analysis that assu mes the sk in is isotropic 
(i .e_, does not vary with direction) _ Both uniaxia l and biaxial 
tests have shown that this assumption is not valid. T ests of this 
type have been performed in vitro [8,9J and in vivo [7,10]. The 
in vivo tests, which are attractively simple, use a vacuum cup 
applied to the skin. The simplicity is offset by the analytical 
difficu lt ies in account ing for the skin tension and the effect of 
the attachment to underlying tissue and subcutaneous fat. 
Compression Test 
In all of the above tests, stress is applied in the plane of the 
skin . When a load is applied to the epidermis, the skin is 
compressed. The resulting deformation is largely a function of \ 
fluid interchange with the surrounding unstressed skin. Because 
this deformation may be strongly dependent on active proc-
esses, t he test must be conducted in vivo [11,12]. 
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FIe 1. Definitions of stress and strain in tension. a, Unstressed 
specimen. b, Stressed specimen. c, Stress-strain curve. Abbreviations: 
A" = ini tial cross sectional area; !J.L = amount of increase in length; L" 
= initial length; P = axial load. 
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FIe 2. Stress-strain curve for human skin. The skin was obtained 
from the abdomen of a 45-yr-old woman. Abbreviations: A = ini tial 
deformation (very large strain at a low stress level); B = in termediate 
deformation (some fibers completely straight); C = near maximal 
deformation (aLI fibers involved) ; MPa.. = megapasca l. 
STRUCTURAL ASPECTS 
The shapes of the stress/strain and load/ deformation CUl"ves 
obtained from all of the a bove tests on skin (and other soft 
tissues) are similar to that in Fig 2. This CUl"ve has led to a n 
accepted description of the deformation mechanism for skin. 
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FIG 3. Response of skin to a low level of stress. The specimen is the 
same as in Fig 2. Abbreviation: MPa.. = mega pascal. 
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FIe 4. Biaxial tensile test. Abbreviations: Po· = load in x ax is tension; 
Py = load in y axis. 
The initial deformation (A in Fig 2) is controlled by the fine 
network of elastin fibers in the dermis. If the elastin is enzy-
matically removed, the elastic recovery in region A is com-
pletely lost [13]. During this initia l deformation, the random 
network of collagen fibers in the dermis is being stra ightened 
out in the direction of the applied stress. The collagen does not 
carry a load until some of the fibers become completely straigh t 
(start of region B). As deformation progresses, additional fibers 
are recruited into the load-carrying role until , in region C, all of 
the fibers a re involved. At this point very little fw-ther defor-
mation is possible since the behavior is controlled by the very 
stiff collagen fibers. 
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AGE-RELATED CHANGES 
The results of uniaxial tension tests show a marked age 
dependency (Fig 6). The magnitude of the initial elastic defor-
mation region decreases with age. The final region of deforma-
tion is similar for all of the curves. This similarity suggests that 
the stiffness of the dermal collagen fibers does not change with 
age. A first interpretation of the change in the initial deforma-
tion might be that the dermal collagen network configuration 
changes with age. However, a closer examination of the stress-
strain curve at a low stress level (Fig 7) shows that the skin has 
lost so~e of i~s elasticity. In the region OP in this figure, zero 
stress IS reqUIred for deformation; this fact implies that it is 
impossible to determine the true origin 0 and that the test 
shows an apparent origin at P. This behavior is similar to that 
observed when the elastin is enzymatically removed. One can 
thus hypothesize that this effect is due to a gradual destruction 
of the elastin network with age. Note that it is not necessary to 
destroy the elastin itself. It is sufficient to fragment the elastin 
fiber network. . 
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FIG 5. Strip biaxial tension test. In this test, the width of the 
specimen IS held constant as the specimen is extended. 
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FIG 6. The effect of age on the tensi le propert ies of human skin. 
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The above effects are readily observed in vivo. The increaSing 
mll:gnitude of the inelastic region (OP in Fig 7) eventually 
reheves the normal skin tension and allows the formation of 
wrinkles. Although all of the above results were obtained on 
abdominal skin of Caucasians, the solar damage contribution 
was probably negligible since the skin donors were residents of 
Scotland. 
In these tests it has been assumed that skin behaves elasti_ 
cally. However, it does so only during the initial deformation at 
a low stress level. Once the collagen network begins to carry 
stress, the skin shows viscoelastic properties, i.e., strain becomes 
a function of both load and time [14]. The viscoelastic properties 
are thought to be dependent on the "ground substance" in the 
dermis. Two possible mechanisms are listed below. 
i. The hydrostatic stress component inherent in a tensile test 
alters the equilibrium of a "ground substance" gel; this altera-
tion causes water bound by these materials to be transported 
to or from regions at different stress levels 
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F IG 7. The effects of age on the response to a low level of stress. In 
the region OP, the skin cannot support a ny stress. It deforms under its 
own weight to P, and this point therefore appears to be the origin of 
the stress-strain curve. Abbreviations: 0 = true origin; P = appar ent 
origin. 
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FIG 8. Compression creep test on human skin. The skin OVE' , t he 
anterior aspect of the tibia is compressed by a 4.7-mm-diameter inden-
tor. A constant -pressure of 5 g/mm" is applied for time T and is I'hen 
re leased. The vertica.l ba.rs represent ± 1 SO. 
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ii . "Ground substance" materials involved in t he structure of 
th e collagen network a bove the fibril level con tribute the vis-
cous component of t he overall viscoelastic behavior; there also 
may be a lubricating action between the fibers in the collagen 
network as t heir relative posit ions change 
T ensile viscoelastic properties do appear to be age-depen-
den t, bu t no systematic study of this relationship has been 
made. Compression tests also show a very marked viscoelastic 
response a nd are easy to perform in vivo. T he resul t of com-
pressing a sm all, circulal' region of skin over the anterior aspect 
of t he t ibia is shown in Fig 8. In this test, a constant pressure is 
applied for 10 min a nd then released. T he skin t hickness is 
measured dW'ing and after the application of pressure by ult ra-
sonic echo ra nging. During the loading phase, there is an init ial, 
instantaneous elastic deformation fo llowed by a continuous 
slow increase in deformation known as creep. No s ign ificant age 
dependence is found during this phase. Afte r t he pressure has 
been removed, there is an ini t ial elastic recovery that is fo llowed 
by a n exponential recovery back to t he original thickness. As 
sh own in the figure, there is a very marked difference in this 
recovery phase with age. In a young adul t, t he recovery is 
complete within a few minutes. In an elderly person, full recov-
ery often requires over 24 hr. 
In this test , t here is a large change in the volume of tissue, a 
cha nge that implies fluid is transported out of the test site while 
pressure is applied . T he driving force is simply the applied 
pressure. T his fluid returns after pressure has been removed; it 
must diffuse in from the adjacent t issue or through the walls of 
the capillaries. The diffusion t ime is a function of the resistance 
to fluid motion, the driving force, and the natm-e of the fluid 
itself. T he resul ts shown in Fig 8 suggest that the dJ'iving force 
for t his return di ffusion is age-dependent since during the 
loading phase, there is no significant effect due to age. 
SUMMARY 
The resul ts presented a bove for uniaxial and compression 
loading are quali tatively s imilar to those fo und in all t he other 
types of test. T wo distinct age-related changes (listed below) 
are fo und in the mechanical proper ties of skin. 
i. A progressive loss in the elastic recovery of skin, in the 
area of small stress, that can be explained by a degenerative 
change in the elastin network in the dermis 
ii . A progressive increase in t he t ime required for viscoelastic 
recovery from great stresses; t his increase is thought to be due 
to as yet undefined changes in the "ground substance" of the 
dermis rather than to changes in t he fibrous proteins 
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